The best Snellen visual acuity in the three months after cataract extraction was found to decline with the age of the patient. The relationship was identical in 111 patients who had extracapsular extraction and a Pearce tripod posterior chamber intraocular lens and in 50 patients who had intracapsular extraction with spectacle correction. Vision after operation varied from a mean value of 6/5 at 50 years to 6/12 at 90 years, a decline of 1 line per 13.4 years. In the intracapsular group, over a mean follow-up period of 14 years, the rate of fall in acuity with increasing age after operation was found to be statistically similar to that of the early postoperative acuity plotted against age for both types of operation. This suggests that the rate of decline with age is unchanged after a prolonged period of aphakia with presumed increased exposure to ultraviolet and blue light. The data were found to be similar to the decline in the neurosensory elements of vision with age measured experimentally in 20 phakic subjects by laser interferometry. This method of assessment of contrast sensitivity threshold effectively bypasses changes in the optical media. The findings indicate that the previously recognised drop in visual acuity with age is not related to changes in the aging crystalline lens and support the view that there is a decline in the neurosensory elements of vision. It is important to recognise this deterioration so that results of surgery or other treatment are adjusted to allow for the age of the patients.
SUMMARY The best Snellen visual acuity in the three months after cataract extraction was found to decline with the age of the patient. The relationship was identical in 111 patients who had extracapsular extraction and a Pearce tripod posterior chamber intraocular lens and in 50 patients who had intracapsular extraction with spectacle correction. Vision after operation varied from a mean value of 6/5 at 50 years to 6/12 at 90 years, a decline of 1 line per 13.4 years. In the intracapsular group, over a mean follow-up period of 14 years, the rate of fall in acuity with increasing age after operation was found to be statistically similar to that of the early postoperative acuity plotted against age for both types of operation. This suggests that the rate of decline with age is unchanged after a prolonged period of aphakia with presumed increased exposure to ultraviolet and blue light. The data were found to be similar to the decline in the neurosensory elements of vision with age measured experimentally in 20 phakic subjects by laser interferometry. This method of assessment of contrast sensitivity threshold effectively bypasses changes in the optical media. The findings indicate that the previously recognised drop in visual acuity with age is not related to changes in the aging crystalline lens and support the view that there is a decline in the neurosensory elements of vision. It is important to recognise this deterioration so that results of surgery or other treatment are adjusted to allow for the age of the patients.
The reduction in visual acuity in the healthy human eye after the age of 45 years was reviewed by Weale in 1975 .' The same aging phenomenon may be detected by measuring contrast sensitivity function at high spatial frequencies.23 Senile miosis seems to have too small an effect on retinal illumination to make any real contribution to the observed reduction in vision. Increased optical density and light scattering in the aging crystalline lens may be important, though a model designed to simulate cataract suggests this may not be a major factor,4 and Weale5 could not demonstrate any loss of transparency in human postmortem lenses with age.
Neurosensory changes with advancing years are probably more important. Morrison and McGrath6 have used laser interferometry to assess the 'nonoptical' components of vision in normal subjects. This method provides retinal stimulation independent of changes in the optical media, and the results suggest that deterioration with age is a function of changes in the neurosensory elements of vision. Indeed, significant neuron loss in the aging human Correspondence to Dr J L Jay, Tennent Institute of Ophthalmology, Western Infirmary, Church Street, Glasgow G11 6NT. visual cortex has been confirmed by Devaney and Johnson.7 Our study examines the age related changes in visual acuity after surgical removal of the crystalline lens. The aim is not only to verify that the aging lens is not an important factor in the reduction of vision with increasing age but also to establish a reference base line of visual acuity over the age of 50 years. At present publications quoting visual results of surgery or other treatments make no allowance for age and may therefore be neglecting an important variable.
Patients and methods
Two groups of patients were chosen:
Group A comprised one eye of each of 111 patients who had had uncomplicated extracapsular lens extraction with implantation of a Rayner-Pearce tripod posterior chamber lens. The operations were performed with the aid of an operating microscope with coaxial illumination. Patients with other ocular or systemic diagnoses which might have affected the visual acuity were excluded. Macular degeneration, amblyopia, diabetes, and corneal or vitreous 112 opacities were the most common reason for exclusion. All cases had intact posterior capsules and none subsequently required secondary capsulotomy. In this series the rate of posterior capsulotomy has been less than 0O5% at four years. The mean age of the group was 68 years, range 41 to 89 years.
Group B consisted of one eye of each of 50 patients who had undergone uncomplicated intracapsular cataract extraction between 10 and 23 years previously (mean 14 years). The operations were performed without an operating microscope, and optical correction was by spectacle lenses. Cases excluded from the study were as listed for group A. In group B the mean age at operation was 62 years and the range 51 to 70 years. The mean age at final follow-up was 76 years, range 71 to 89 years.
The relationship between age at operation and the best Snellen visual acuity recorded in the three months following operation was analysed in both groups. In group B the visual acuity and age at final follow-up was also recorded, so that for each patient the final acuity could be compared with the acuity in the early postoperative period.
In a further analysis the slope of reduction in Snellen acuity with age as obtained above in the pseudophakic and aphakic groups was compared with the slope of the 'non-optical' and presumed neurosensory reduction of vision as measured by contrast sensitivity threshold using laser interferometry in healthy phakic eyes (data reworked from Morrison and McGrath6). These experimental contrast sensitivity data were measured at 40% contrast, whereas the clinical Snellen test type presents an uncertain contrast, probably in the region of 70%. To make the two sets of data more comparable it was therefore necessary to adjust the comparative scale of cycles/degree to Snellen acuity so that the mean values of the two groups coincided. The age profile of the experimental group was similar to that in the clinical groups A and B (mean 67 years, range 53 to 86 years).
To facilitate the statistical analyses Snellen acuities were transformed according to a simple linear code with a unit inverval of one half of a Snellen line and increasing with improving acuity; an acuity of 6/18 became 1 unit, 6/12 became 3, 6/9 became 5 units and so on. Linear regressions were performed to describe the variation of acuity code with age, and all regression line equations given in the text are expressed in terms of these transformed acuity codes. Product moment correlation coefficients were also calculated. The slopes of regression lines were compared by evaluating the appropriate t statistic from the regression data. A two-tailed sign test, a paired, nonparametric procedure, was used to examine the changes in acuity of group B over their follow-up period. These calculations were performed with the aid of the MINITAB package on the University of Glasgow ICL 2988 computer system. Fig. 1 displays the age related reduction of Snellen acuity (mean ±1 SD) measured in the early postoperative period. Visual acuity dropped from about 6/5 at 50 years to 6/12 at 90 years. The relationship of age to visual acuity was statistically significant for both groups at p<0001. The regression line for the extracapsular pseudophakia results, group A (acuity = 15*1 -0-145 xage; correlation coefficient= -0 740; DF= 109) was not significantly different (O 1<p<O 2) from that of the intracapsular spectacle aphakia patients, group B (acuity=19*0-0-200xage; correlation coefficient=-0-638; DF=48). A similar analysis could not detect any significant difference between males and females for either group (0-1<p<0.2).
Results
Examination of the data on change in visual acuity within group B over the follow-up period (mean 14 years) showed the same gradient of deterioration with advancing years (Fig. 2) . While there was a significant (p<0-001) drop in acuity over the followup period, the regression line for the early postoperative results (acuity=19.0-0-200xage, as above) was not significantly different (Ol<p<02) from that of the visual acuity at final follow-up (acuity=12.7-0 106x age; correlation coefficient=-0-267; DF= 48). Males did not differ from females in this analysis (0O2<p<05). There was, however, a much wider scatter of the data in the follow-up recordings, reflected in the poorer correlation coefficient. We in intracapsular operations, are confined to each VisualacuityofgroupBinthethreemonthsafter individual group, it is unlikely they would influence tion (solidlines) andafteraveragefollowupofl4years the results to an identical degree. In the analyses of ad lines) plotted againstage. Statistical analysissuggests visual acuity in the early postoperative period (Fig. 1 ) ze rate of decline with age is not altered by the period of we assume that the decline with age has occurred before operation. This figure is very similar to
Weale's display' of the slope of decline of visual fore sought to verify the observation by comparacuity as a function of age in healthy phakic subjects.
he slope of visual acuity at final follow-up in It also confirms the suggestion made by Owsley et al.9 p B (age range 71 to 89 years) with an age that for tests of contrast sensitivity at the higher hed population selected from group A. This spatial frequencies up to 18*2 cycles/degree there is rmed that there was no significant difference no difference between older healthy phakic eyes and -Ip<0-5).
those in which an acrylic intraocular lens has replaced Fig. 3 the slope of threshold frequency for laser the crystalline lens. ference fringes against age in the experimental It therefore appears that the deterioration in vision of 20 subjects is compared with the slope of is not related to changes in the crystalline lens. perative visual acuity against age at operation in Furthermore the same relationship is confirmed ps A and B combined. The reduction in spatial when the change in visual acuity is examined after a ency discrimination in the experimental group long period of aphakia (Fig. 2) , so that, in the red a trend which was similar to that for Snellen absence of identifiable disease, the condition of y in the clinical groups. However, they were not aphakia neither accelerates nor retards the deteriora-:ical. Statistical analysis showed the slopes to be tion of visual acuity with advancing years. This is an icantly different (0-01<p<002).
interesting observation in view of the current interest in phototoxic retinal effects of ultraviolet and blue mission light. We have treated the data on the assumption that results indicate tharat therbestcorrectd Snellen the trend is part of a linear function, and this may be a 1 acuity after cataract extraction declines with crude though justifiable approximation. The wider scatter of data in the follow-up observations in Fig. 2 LITY EQUVALENT may conceal an alteration in the gradient of reduction Cy,,es/,ee)I SID. in vision in the very old patients. We would also 60 expect the slope to be flatter towards the younger end, as previous data' suggest that only over 45 years of age is there a fall off in visual acuity. We have -36 insufficient data at the extreme ends of the age range \30 to examine these possibilities. identical, but they represent radically different test systems with different effects on wide angle light scatter and chromatic aberration. Therefore the slightly different gradients could still represent the same phenomenon. In addition the small number of observations in the laser interference group limits the scope for statistical comparison. Whatever the theoretical considerations, it is important in assessing clinical results after cataract surgery or indeed after any form of therapy, that the visual acuity is adjusted to allow for the decline in visual acuity with age.
